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© Veiilcle transmission, particularly for an agricultural tractor. 



® A transmission (1) for an agricultural tractor fea- 
turing a large number of gears and comprising a first 
six-gear stage (2) and a second reverse-reduction 
stage (3) having three forward and one reverse 
speed ranges- The first stage (2) comprises a pair of 
drive shafts (4. 5) selectively connectable to an input 
shaft (12) via respective hydraulic clutches (Fp, Fd) 
and to an output shaft (16J via constant mesh gears 
(1^1, r'i, R3. R'3, R5, r'5; R2. R2, R4, r'4, R6, 
R Q)' respectively defining the odd and even number 

3 gears and engaging the output shaft (16) via sliding 
couplings (Ml 3. IV!52, M46) controlled by three-posl- 
„tion hydraulic actuators (A13. A52, A46), The ac- 
^tuators (A13. A52, A46) are operated by respective 
^ pairs of on-off solenoid valves (El, E3; E5, E2; E4. 
^E6} supplied via a proportional-response solenoid 
^ valve (E7). further proportional-response solenoid 
CO valves (E8, E9) controlling engagement and release 
QOf the aforementioned clutches (Fp, Fd). All the 

aforementioned solenoid valves (El E9) are con- 

ftjtrolled by an electronic control unit (45) for appro- 
priately controlling engagement of the clutches (Fp, 
Fd) and actuators (A13, A52. A46) as a function of 



the actual service conditions of the tractor. (Rgures 
1 and 2). 
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VEHICLE TRANSMISSION. PARTICULARLY FOR AN AGRICULTURAL TRACTOR 



The present invention relates to a vehicle trans- 
mission featuring a large number of gears, particu- 
larly for an agricultural tractor or similar. Known 
vehicle transmissions of the aforementioned type 
are usually characterised by enabling gear shifting 
under load, with no interruption In the torque trans- 
mitted between the engine and wheels. This is 
usually achieved by employing selectively en- 
gageable clutch means for each gear, or a pair of 
clutches for two drive shafts connected to respec- 
tive sets of gears, and further clutch means for 
connecting said gears to an output shaft. 

In both cases, the clutch means are usually 
operated hydraulically, and controlled via an elec- 
tronic control system providing for appropriate op- 
erating cycles. A major drawback of known trans- 
missions of the aforementioned type is that said 
operating cycles are determined as a function of 
average vehicle service condl tions, with no regard 
to other than average load, speed or service con- 
ditions. Moreover, the transmission hydraulic cir- 
cuits and actuators are relatively complex and ex- 
pensive to produce. 

The aim of the present invention is to provide a 
vehicle transmission for an agricultural tractor or 
simrlar, designed to overcome the drawbacks typi- 
cally associated with known transmissions of the 
aforementioned type. With this aim in view, accord- 
ing to the present invention, there is provided a 
vehicle transmission, particularly for an agricultural 
tractor, comprising an input shaft: at least a first 
stage having two drive shafts selectively connec- 
table to said input shaft via respective first hydrau- 
lic clutch means, an output shaft angularly connec- 
table to each said Input shaft via a number of 
transmission ratios defined by respective constant 
mesh gears, and second selective clutch means for 
each pair of adjacent said gears, operated by re- 
spective three-position hydraulic actuators; and 
control means for controlling said first clutch 
means and said hydraulic actuators; characterised 
by the fact that said control means comprise two 
on-off solenoid valves for each said hydraulic ac- 
tuator, each designed to control engagement of a 
respective transmission ratio; two proportional-re- 
sponse solenoid valves for engaging and releasing 
respective said first clutch means on said drive 
shafts; at least a third proportional-response sole- 
noid valve for regulating supply pressure to said 
on-off solenoid valves; and a control unit designed 
to control said solenoid valves in such a manner as 
to engage and release said first and second clutch 
means according to predetermined laws depending 
on the service condition of said vehicle. 

A preferred non-limiting embodiment of the in- 



vention will be described by way of example with 
reference to the accompanying drawings, in which : 

Rg.1 shows an operating diagram of a trans- 
mission in accordance with the teachings of the 
5 present invention; 

Rg.2 shows the hydraulic circuit controlling 
the Fig.1 transmission. 

Number 1 in Fig.1 indicates a transmission 
for an agricultural tractor. 

10 

Transmission 1 is of the type referred to by 
technicians as a "power shift", i.e. designed to 
enable up and down shifting under load, without 
going through neutral. Transmission 1 substantially 

75 comprises a first stage 2 defining a number of 
transmission ratios, e.g. six; and a second stage 3 
defining a number of forward ratios, e.g. three, and 
one reverse ratio. Said first and second stages 2 
and 3 are cascade-connected to each other, so as 

20 to define a large number of forward and reverse 
gears (eighteen and six respectively in the example 
shown). 

Said first stage 2 comprises two hollow coaxial 
input shafts 4, 5 angularly connected at one end to 

26 hubs 6, 7 of two hydraulic multiple-disk clutches 
Fp, Fd. These present respective outer casings 10, 
11 Integral with each other and connected an- 
gularly to an input shaft 12 of transmission 1, said 
shaft 12 being driven by a central clutch 13 on the 

30 vehicle, controlled in the usual way via pedal 14. 
Clutch Fp is maintained normally engaged by elas- 
tic means (not shown), and Is releasable via hy- 
draulic control means Indicated as a whole by 15 
and described In detail later on. Clutch Fd. on the 

35 other hand, Is normally released, and engageable 
via said control means 15. An end portion of shaft 
5, opposite clutch Fd and projecting axially from 
shaft 4, Is fitted with three gears R1, R3. R5 
arranged in that order commencing from the end of 

40 shaft 5. Similarly, shaft 4 is fitted with three gears 
R2. R4. R6. 

Said gears R1 R6 mesh with respective 

gears r'i,.... r'6 mounted in idle manner on an 
output shaft 16 of stage 2. having its axis parallel to 

45 the axes of shafts 4, 5. Shaft 16 is fitted with three 
toothed hubs 17, 18, 19 respectively inserted ax- 
ially between gears r'i and r's. R 5 and r'2, r'4 
and r'6. Hubs 17, 18, 19 may be connected an^ 
gulariy and selectively, via respective sliding coupl- 

50 Ings Ml 3, M52. M46 and known synchronizing 
means (not shown), to either of the two adjacent 
gears, so as to angularly connect shaft 4 or 5 to 
output shaft 16. Six transmission ratios or gears are 
thus obtainable. For example, rightward displace- 
ment of coupling Ml 3 engages gear r'i with shaft 
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16. to give a transmission ratio determined by gear 
pair Rl. r'i (first gear); similarly, second gear is 
obtained by moving coupling M52 leftwards to en* 
gage gear H2 and shaft 16. Couplings Ml 3. MS2, 
M46 are operated by respective actuators A13. 
A52. A46 shown schematically in Rg.2 and con- 
trolled by control means 15 as described later on. 
Said actuators are conveniently of the type de- 
scribed in Italian Industrial Patent Application en- 
titled "Fluid-controlled actuator" filed on the same 
date by the present Applicant and the content of 
which is included herein by way of reference as 
required. 

Actuators A13. A52, A46 substantially comprise 
a dual-rod piston 23 sliding in a cylindrical cavity 
24. Piston 23 is fitted with two bushes 26 designed 
to slide in sealed manner between piston 23 and 
the inner walls of cavity 24. and to cooperate with 
respective stop rings 27 located on a center portion 
of cavity 24 and piston 23 for determining a central 
stop position of said piston 23, Inside cavity 24. 
piston 23 and bushes 26 form two isolated cham- 
bers indicated by the letter C in ng.2 followed by 
the number of the gear engaged when said cham- 
ber is pressurized {Cl,...,C6) as described in more 
detail later on. Piston 23 of each actuator is con- 
nected to the respective sliding coupling via l<nown 
retaining means (not shown), e.g. a fork. 

One end of output shaft 16 of first stage 2 is 
fitted with a gear 28 meshing with a respective 
gear 29 fitted on to input shaft 30 of second stage 
3 and coaxial with shafts 4, 5. Said second stage 3 
is a known reverse-reduction stage (therefore, not 
described in detail) substantially comprising an out- 
put shaft 33 coaxial with output shaft 16 of first 
stage 2, and fitted with three idle gears 34 . 35'. 
36', two of which (34 , 35 ) mesh with respective 
gears 34, 35 on input shaft 30, and the third of 
which (36 ) is connected angulariy via an intermedi- 
ate gear (not shown) to a gear 36 integral with shaft 
30. Second stage 3 is controlled in known manner 
by a four-position (L,M,V,R) hand-operated lever 37 
controlling known clutch means 38 (not shown) 
designed to connect output shaft 33 selectively to 
gear 34 ("slow" speed range position L); to gear 
36' (reverse position R); to gear 35' ("medium" 
range position M); or gear 28 ("fast" range position 
V) wherein shafts 16 and 33 are connected directly. 

Fig .2 shows a detailed diagram of hydraulic 
means 15 for controlling clutches Fp. Fd and ac- 
tuators A13, A52, A46. Said means 15 comprise a 
hydraulic control system 40 and a number of three- 
way (Intake, delivery, drain) solenoid valves 

E1 E9. Control system 40 presents a tank 41, a 

pump 42, a pressure switch 43 and a bypass valve 
44 connected in known manner, and, together with 
solenoid valves E1,...,E9. is controlled by a 
microprocessor-based control unit 45. Solenoid 



valves E7. E8. E9 are of the proportional-response 
t/pe, i.e. designed to provide a delivery pressure 
varying as a function of an analog signal from 
control unit 45. The inlets of said solenoid valves 

s are connected to a hydraulic feed line 46 from 
hydraulic system 40 and, in the absence of electric 
control signals, the delivery outlets of said solenoid 
valves are connected to a drain outlet. 

The delivery outlets of solenoid valves E8 and 

70 E9 are respectively connected to clutches Fp and 
Fd, and. as already stated, activation of solenoid 
valves E8 and E9 provides for releasing clutch Fp 
and engaging clutch Fd. 

The delivery outlet of solenoid valve E7 Is 

IS connected to respective inlets of on-off solenoid 

valves El E6. the delivery outlets of which are 

connected to respective chambers C1,...,C6 of ac- 
tuators A13. A52. A46, which are normally con- 
nected to the drain outlet. In the presence of a 

20 digital control signal from control unit 45. chambers 

CI C6 are connected to soleniod valve E7. 

Control unit 45 comprises known storage and 
processing means (therefore, not described in de- 
tail) and receives the following input signals: 

25 . six signals II from respective push-buttons P for 
selecting a gear in said second stage 3; 
. two signals 12 generated by a hand-operated lever 
47, e.g. via rocking contacts, for respectively se- 
lecting the next gear up or down; 

30 . four signals 13 generated by respective switches 
(not shown) operated by lever 37 in positions 
UM,V,R; . a signal 14 from a sensor 48 for deter- 
mining the speed of output shaft 33; 
. a signal 15 from a sensor 49 for determining the 

36 position of pedal 14 of central clutch 13; 

. a signal 16 from pressure switch 43 of hydraulic 
control system 40; 

. three signals 17 from respective sensors (not 
shown) for determining the position of actuators 
40 A13, A52, A46 as described in said patent applica- 
tion. 

As described in more detail later on, in connec- 
tion with overall operation of transmission 1. the 
above input signals are processed by control unit 

45 45 to produce the following output signals: 

. six digital signals U1,..,.U6 for controlling respec- 
tive solenoid valves El E6; 

. three analog signals U7. U8. U9 for controlling 
solenoid valves E7, E8, R9. 

50 Control unit 45 is also connected to a display 
50 showing which gear is engaged, and an indica- 
tor light 51 for indicating any faults on hydraulic 
control system 40. 

Before going on to describe overall operation 

55 of transmission 1. a brief description will first be 
given of the mechanical operation of first stage 2. 
Second stage 3 operates in known manner, and 
therefore needs no explanation. 
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When engaged, clutches Fd and Fp transmit 
motion from input shaft 12 to shafts 5 and 4 
respectively. Consequently, by virtue of shaft 5 
being fitted with gears R1. R3. R5, engagement of 
clutch Fd enables engagement of the odd number 
gears. Similarly, by virtue of shaft 4 being fitted 
with gears R2. R4. R6. engagement of clutch Fp 
enables engagement of the even number gears. Up 
or down shifting is thus effected by simultaneously 
engaging the next and current speed gears on 
shaft 16. and then shifting both clutches Fp. Fd, 
which provides for smooth, gradual shift under 
load. As already stated, engagement and release of 
clutches Fp. Fd are controlled by proportional-re- 
sponse solenoid valves E8. E9, which provides for 
appropriately regulating the control pressure of 
clutches Fp. Fd during engagement or release, as 
a function of the actual load on the engine, I.e. as 
as a function of service and toad conditions of the 
tractor. Such load conditions, In fact, vary substan- 
tially should the tractor be connected to a trailer 
(substantially inertial load) or a plough or similar 
fixture (low-inertia, high-stress load). 

Overall operation of transmission 1 , and in par- 
ticular hydraulic control means 15 and control unit 
45, will be described with reference to a number of 
demonstration examples. 

When the tractor is idle, output signals 

U1 .,...U9 are all zero; solenoid vaJves E1 E9 are 

connected normally to the drain outlet; actuators 
A13. A52. A46 are set to neutral (stage 2 in neu- 
tral); clutch Fp is engaged and clutch Fd released. 
To pull away, the operator steps on pedai 14 of 
center clutch 13 so as to mechanically engage the 
same, shifts lever 37 manually to engage a given 
speed range (L.M.V.R), and engages a given gear.- 
e.g. the first, by means of respective push-button 
P. Control unit 45 receives respective signals 15. 
13, 11 and accordingly: 

. enables signal U1: solenoid valve El switches to 
connect chamber CI of actuator A13 to the deliv- 
ery outlet of solenoid valve E7, as of yet connected 
to the drain outlet; 

. enables variable signal U7: proportional-response 
solenoid valve 17 gradually increases delivery 
pressure and pressurizes chamber CI of actuator 
A13, so as to move piston 23 rightwards, operate 
coupling Ml 3. engage the first gear (gear R 1 
connected to shaft 16). and enable respective sig- 
nal 17; 

. supplies signals U8, U9 to solenoid valves E8, E9: 
clutch Fp is released and clutch Fd engaged to 
connect shaft 5 and, consequently, gear R1 to 
input shaft 12. 

The operator may now pull away by releasing 
pedal 14 of central clutch 13, which is detected by 
control unit 45 via signal 15, Control unit 45 ac- 
cordingly de-energizes solenoid valves El . E7, and 



the gear remains engaged by virtue of no axial 
pressure being exerted on coupling Ml 3 and piston 
23 of respective actuator A1 3. 

The six gears of first stage 2 are engaged 

5 without operating central clutch 13, up and down 
shifting being effected by operating lever 47 and 
enabling a respective signal 12. For example, for 
shifting from first to second gear, control unit 45. 
subsequent to receiving said signal 12. provides 

70 for: 

. enabling signal U2: solenoid valve E2 switches to 
connect chamber C2 of actuator A52 to solenoid 
valve E7; 

. enabling signal U7 : actuator A52 causes coupling 
15 M52 to engage the second gear (gear R 2). as 

already described in connection with the first; such 

engagement being detected by control unit 46 via 

a corresponding change in respective signal 17; 

. gradually and appropriately de-energizing sole- 
20 noid valves E8, E9. for engaging clutch Fp and 

releasing clutch Fd; the drive torque gradually 

switching from shaft 5 to shaft 4; 

. disabling signals U2, U7; 

. simultaneously enabling signals U1. U3: both 
25 chambers CI, C3 on the actuator are connected to 
solenoid valve E7; 

. enabling signal U7: actuator A13 switches back to 
neutral to release the first gear; such release being 
detected by control unit 45 via a corresponding 

30 change in respective signal 17; 
. disabling signals U1. U3. U7. 

Up or down shifting between any two gears Is 
effected in exactly the sanne way as described for 
the first and second gears, i.e. by: 

3S - engaging the new gear; 

- switching clutches Fd, Fp under load; 

- releasing the previous gear. 

For switching from one speed range to another, 
the operator presses pedal 14 of central clutch 13, 

40 which enables signal 15; control unit 45 only en- 
ergizes solenoid valve E8; both clutches Fd, Fp are 
released; and the speed range is switched as re- 
quired by means of lever 37. When speed range 
switching with second stage 3 in neutral (zero 

45 signals 13) control unit 45 also provides for switch- 
ing first stage 2 to neutral by releasing the en- 
gaged gear as already described, and so enabling 
speed range switching to be effected with mini- 
mum inertia. 

50 Once the speed range has been switched, con- 

trol unit 45 enables signals for automatically re- 
engaging in stage 2 the most appropriate gear In 
the selected speed range, as a function of the 
tractor speed detected by sensor 48. The first gear 

55 is usually, though not necessarily, engaged when 
switching to a higher range, and the sixth gear 
when switching to a lower range. At this point, 
pedal 14 of clutch 13 may be released for pulling 
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away. 

The advantages of transmission 1 according to 
the present invention will be clear from the fore- 
going description. 

In particular, clutches Fd, Fp are operated by 
appropriately Increasing or reducing pressure as a 
function of specific service conditions, and by vir- 
tue of proportional-response solenoid valves £6. E9 
controlled by control unit 45. Gear shifting In first 
stage 2 is performed simply, effectively arid gradu- 
ally, by virtue of actuators A13, A52, A46. on-off 

solenoid valves El E6. and proportional-response 

solenoid valve E7. Moreover, hydraulic control 
means 15 are of extremely straightforward design, 
reliable, compact, and cheap to produce. 

To those skilled in the art it will be clear that 
changes may be made to transmission 1 as de- 
scribed and illustrated herein without, however, de- 
parting from the scope of the present invention. 

Claims 

1) - A vehicle transmission, particularly for an 
agricultural tractor, comprising an input shaft; at 
least a first stage having two drive shafts selec- 
tively connectable to said input shaft via respective 
first hydraulic clutch means, an output shaft an- 
gularly connectable to each said input shaft via a 
number of transmission ratios defined by respec- 
tive constant mesh gears, and second selective 
clutch means for each pair of adjacent said gears, 
operated by respective three-position hydraulic ac- 
tuators: and control means for controlling said first 
clutch means and said hydraulic actuators; charac- 
terised by the fact that said control means com- 
prise two on-off solenoid valves (El, E3; E5. E2; 
E4. E6) for each said hydraulic actuator (A13. A52. 
A46), each designed to control engagement of a 
respective transmission ratio; two proportional-re- 
sponse solenoid valves (E8, E9) for engaging and 
releasing respective said first clutch means (Fp, 
Fd) on said drive shafts (4. 5); at least a third 
proportional-response solenoid vah^e (E7) for regu- 
lating supply pressure to said on-off solenoid 
valves (E1,.... E6); and a control unit (45) designed 
to control said solenoid valves (E1,...,E9) in such a 
manner as to engage and release said first and 
second clutch means (Fp, Fd; Ml 3. M52. M46) 
according to predetermined laws depending on the 
service condition of said vehicle. 

2) - A transmission as claimed in Claim 1, 
characterised by the fact that said first clutch 
means comprise a clutch (Fd) assigned to one of 
said drive shafts (5) connected to said gears (R1, 
R3, R5) defining the odd number transmission ra- 
tios; and a clutch (Fp) assigned to the other said 
drive shaft (4) connected to said gears {R2, R4. R6) 



defining the even number transmission ratios; one 
of said clutches being normally engaged, and the 
other normally released. 

3) - A transmission as claimed in Claim 1 or 2, 
5 characterised by the fact that at least one (4) of 

said drive shafts (4, 5) is hollow, the other said 
drive shaft (5) being coaxial and located partially 
inside the same; said gears comprising a number 
of gears (R1. R3. R5; R2, R4, R6) fitted on to each 

10 said drive shaft (4, 5), and a number of gears (R'i, 
r'3; r'S; r'2. r'4, R 6) meshing with the same 
and mounted in idle manner on said output shaft 
(16) with which they are engaged via sliding coupl- 
ings (M13, M52, M48) and synchronizing means 

IS defining said second clutch means. 

4) - A transmission as claimed in one of the 
foregoing Claims, characterised by the fact that 
said input shaft (12) is driven by a third clutch (13) 
controlled by a pedal (1 4). 

20 5) - A transmission as claimed in any one of 

the foregoing Claims, characterised by the fact that 
it comprises a second stage (3) cascade-connected 
to said first stage (2) and defining a number of 
transmission ratios (L. M. V, R) including at least 

25 one reverse, and engageable in combination with 
each said transmission ratio of said first stage (2) 
via a hand-operated lever (37). 

6) - A transmission as claimed in Claim 5. 
character Ised by the fact that it comprises means, 

30 connected to said control unit (45), for detecting 
engagement of a transmission ratio In said first and 
second stages (2, 3). 

7) - A transmission as claimed in any one of 
the foregoing Claims, characterised by the fact that 

55 It comprises means (P), connected to said control 
unit (45), for selecting a transmission ratio in said 
first stage (2). 

8) - A transmission as claimed in any one of 
the foregoing Claims, characterised by the fact that 

40 It comprises means (48), connected to said control 
unit (45), for detecting the speed of said vehicle. 

9) - A transmission as claimed in one of the 
foregoing Claims from 5 to 8. characterised by the 
fact that said control unit (45) comprises process- 

45 ing means for selecting engagement of an appro- 
priate transmission ratio in said first stage (2) sub- 
sequent to a change in transmission ratio in said 
second stage (3). 

10) - A transmission as claimed In one of the 
50 foregoing Claims, characterised by the fact that it 

comprises manual control means (47) connected to 
said control unit (45) and designed to select en- 
gagement of a higher or lower transmission ratio in 
relation to the one currently engaged, 
55 11) - A transmission as claimed in any one of 

the foregoing Claims from 3 to 10, characterised by 
the fact that said actuators (A13. A52. A46) com- 
prise a dual-rod piston (23) integral with a respec- 
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tive coupling (M13. M52. M46) in said first stage 
(2) and sliding inside a cylindrical cavity (24); a pair 
of bushes (26) sliding in sealed manner between 
said piston (23) and the inner walls of said cavity 
(24): and stop means (27) located centrally on said 5 
piston (23) and said wall of said cavity (24); said 
piston (23) and said bushes (26) defining, inside 
said cavity (24), two opposed chambers (Ci, C3; 
C5. C2; C4, C6) connected to respective on-off 
solenoid valves (El. E3; E5. E2; E4. E6). w 
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